This study aimed to prospectively evaluate the safety and efficacy of a new developed method that uses percutaneous ultrasound-guided hematoma aspiration followed by targeted localized manual compression for treatment of femoral artery pseudoaneurysm after cardiac catheterization, which obviates thrombin use, surgery, and long-time compression.
I atrogenic femoral pseudoaneurysm post-catheterization, which occurs in up to 0.5% and 8% of diagnostic and interventional cardiac catheterization cases, respectively, may cause persistent groin pain and swelling, compression neuropathy, limb ischemia, and skin necrosis, and even undergo sudden rupture. [1] [2] [3] [4] Options for intervention of > 2 cm and/or symptomatic post-catheterization femoral artery pseudoaneurysms include surgical repair, with a 20% rate of complications including major bleeding, infection and death, 5) or the now favored noninvasive ultrasound-guided compression repair, with 74% success rate but requiring long and discomforting manual compression; 6, 7) and thrombin injection, with ! 90% overall success rate but with potential serious complications. [8] [9] [10] We therefore evaluated the safety and efficacy of a new ultrasound-guided treatment, which obvi-ates thrombin use, long-time compression and surgery.
Methods
Study population: From January 2007 to July 2014, a total of 8,725 radiofrequency catheter ablation and percutaneous coronary intervention procedures were performed in our hospital. Vascular ultrasound examination of the femoral artery was performed after catheterization in patients with hematoma, suspicious swelling, vascular murmurs, or any other clinical abnormality of the puncture site. After the exclusion of one patient who refused to provide informed consent and preferred an ultrasound-guided compression approach, the study enrolled 32 consecutive patients (17 women; mean age, 55.3 ± 11.5 years) with evidence of an "uncomplicated" pseudoaneurysm (i.e., with-Chen, ET AL Figure 1. Schematic diagram of percutaneous ultrasound-guided hematoma aspiration followed by targeted localized manual compression. Schematic diagram shows a spinal needle attached to a 20 mL syringe puncturing into the liquid center of a pseudoaneurysm. After carefully locating under color Doppler ultrasound guidance the position of the neck (N) and the center of the pseudoaneurysm (P), marks are made on the overlying skin directly over them (arrows denote those for the neck). A doctor uses the needle to puncture and aspirate. As soon as the needle tip is inserted into the liquid center of the aneurysm, red arterial blood gushes into the syringe through the hub of the needle. At the same time, an assistant immediately compresses the position indicated by the marker (arrow) directly over the neck of the pseudoaneurysm (N) to completely arrest flow into the aneurysm from supply artery (A). The doctor continuously aspirates the hematoma until no more blood can be drawn. out local skin infection or related distal limb arterial stenosis). Procedure: Informed written consent was obtained from all patients, and this study was approved by the Ethics Committee of our hospital, and clinical investigations are conducted according to the principles expressed in the Declaration of Helsinki. All patients and alternative therapies (such as ultrasound-guided compression repair (UGCR) versus observation) were discussed. All 32 patients had undergone catheterization 1 to 5 days (mean 1.9 ± 1.3 days) prior to their enrollment. Catheter sheath size ranged from 6F to 9F.
The patients were examined using an ultrasound system (GE LOGIQ S8 with a 2-8 MHz linear array transducer; or SIEMENS Acuson Antares with a 4-9 MHz linear probe). The width of the pseudoaneurismal neck and the number and size of pseudoaneurismal chambers were documented. The supply artery was identified and recorded. The arterial vasculature of the affected extremity was also examined.
The skin overlying the pseudoaneurysm was prepped with iodophor and was covered with sterile drapes. The positions of the pseudoaneurismal neck and center were identified by color Doppler ultrasound and marked on the overlying skin. The echo probe within a sterile pouch was positioned directly over the pseudoaneurysm for ultrasound guidance.
The following two steps were performed ( Figure 1 
):
Step 1 Using the puncture technique previously described in ultrasound-guided thrombin injection (UGTI), 8) the pseudoaneurismal hematoma was punctured under subcutaneous anesthesia (0.5% lidocaine) with an 18-gauge spinal needle attached to a 20 mL syringe and using negative pressure. Puncture is done before compression because shape and relative positions of pseudoaneurysm, supply artery, and subcutaneous tissue are preserved without outside pressure easing needle insertion into the aneurysm center. As soon as the needle tip reached the liquid center of the aneurysm and aspiration was achieved, an assistant compressed the marked neck position to block arterial flow into the aneurysm, while the physician kept aspirating the hematoma until no more blood could be drawn. There was nothing injected into the pseudoaneurysm during the whole procedure. Puncture was done before compression because the shape and relative positions of pseudoaneurysm, supply artery, and subcutaneous tissue were preserved without outside pressure easing needle insertion into the aneurysm center.
Step 2 After needle withdrawal, the assistant continued pseudoaneurismal neck compression for 15 min, while the physician compressed a nearby site over the pseudoaneurysm to prevent potential leakage. The latter compression is as in UGCR, 6) except that compression pressure is targeted at the pseudoaneurismal neck.
A pressure dressing then was applied during 12 hours of bed rest with the affected leg of the patient frequently massaged to prevent deep vein thrombosis.
To rule out recurrent hematoma/pseudoaneurysm, ultrasound examination was repeated in all subjects 24 hours after release of the pressure dressing. Success was defined as completely thrombosed pseudoaneurysm. The procedure for puncturing and aspiration are shown in Figure 2. When complete thrombosis of pseudoaneurysm was confirmed, the patient then can be discharged if other clinical circumstance permitted. If active flow persisted toward the aneurysm, a second session of ultrasound-guided hematoma aspiration and manual compression was performed. All subjects were followed as outpatients for at least 3 to 6 months after the procedure. Statistical analysis: Continuous variables are presented as mean ± standard deviation, range, and minimum and maximum values. The Student's t-test was used to compare the difference of age between female and male patients. A P value of < 0.05 was considered statistically significant.
Results
Baseline clinical characteristics of 32 patients were shown in Table I . There was a tendency that the mean age of female patients was higher than that of male patients; however, the difference between them was not statistically significant (P = 0.055). All 32 patients studied had one post-catheterization pseudoaneurysm: 29 were monolobulated and 3 were bilobulated. Of the 32 patients, 100% were on anticoagulant or at least one antiplatelet before aspiration. Pseudoaneurysms were detected 1.9 ± 1.3 days (1 to 5 days) after catheterization, with sizes ranging from MODIFIED METHOD FOR FEMORAL ARTERY PSEUDOANEURYSM (Table II) . Patients experienced pseudoaneurysm-related symptoms including groin pain and/or swelling.
Of the 32 pseudoaneurysms, 29 (90.6%) were successfully occluded after the first attempt; and 2 (6.3%) early cases required a second attempt to achieve complete thrombosis, yielding an overall success rate of 96.9%. The only failure was in a patient with a coexisting arteriovenous (AV) fistula.
Among four patients with coexisting AV fistulae, one AV fistulae of one patient was occluded at the same time as the pseudoaneurysm achieved full thrombosis after aspiration and compression, two patients who had a successful aspiration and compression procedures to treat pseudoaneurysms have the AV fistulae left, and the fourth patient was the patient whose procedure was not successful, where the pseudoaneurysm was not fully occluded (reduced from 50 × 10 to 14 × 10 mm) and the AV fistulae left.
Complete pseudoaneurysm thrombosis was achieved in all 18 of 32 (56%) patients on anticoagulant therapy. These 18 patients underwent coronary interventions or atrial fibrillation/atrial flutter ablation. Patients received low molecular weight heparin in a body weight-adjusted dose (enoxaparin 1 mg/kg, twice daily), aspirin (100 mg, once daily), and clopidogrel (75 mg, once daily) after coronary interventions, or received both low molecular weight heparin in a body weight-adjusted dose (enoxaparin 1 mg/kg, twice daily) and/or warfarin (3 mg, once daily) after atrial fibrillation/atrial flutter ablation. Low molecular weight heparin and warfarin were discontinued on the procedure day and resumed immediately upon pseudoaneurysm obliteration confirmation. No patient required reversal of anticoagulation with vitamin K or other antagonists.
There was no thrombin injection-related complication such as arterial thrombosis and allergic reaction due to avoidance of using thrombin in the whole procedure. In the procedure, aspiration of the hematoma decreases local tension on the groin thereby significantly relieving associated pain and swelling. Therefore, this method was well tolerated by all patients with groin pain and swelling reduction. Doppler ultrasound scan was repeated 24 hours after the first attempt for all patients, and in the two subjects requiring a second attempt, it was repeated at 1 to 3 days after the second treatment attempt, showing no hematoma recurrence. Patients with pseudoaneurysm treated with the described method stayed 1.09 ± 0.3 day more than the patients without pseudoaneurysm.
Chen, ET AL During 3-6 months follow-up, there was no late recurrence or procedural or later complications. All three AV fistulae were occluded in 3-6 months later. The pseudoaneurysm of the unsuccessful patient was found to be fully obliterated spontaneously at 3 months follow-up.
Discussion
In the present study of 32 patients, a combination approach comprising percutaneous ultrasound-guided hematoma aspiration and UGCR's targeted manual compression for the treatment of femoral artery pseudoaneurysm after cardiac catheterization appeared technically feasible; safe without complications; and efficacious, with high primary (90.6%) and overall (96.9%) success rates and groin pain and swelling reduction.
Small pseudoaneurysms can be treated conservatively; however, catheter-related femoral artery pseudoaneurysms that exceed 2 cm in diameter and/or are symptomatic should be treated more aggressively to alleviate patient's persistent groin pain and to minimize occurrence of related complications such as compression neuropathy, limb ischemia, or the most feared one of sudden rupture. [7] [8] [9] [10] Treatment of femoral artery pseudoaneurysm after cardiac catheterization remains challenging, and current choices have limitations. 11) Open surgical repair has a high (~20%) rate of complications including bleeding (7.4%), neuralgia (5.2%), and death (2.1%). 5, 12) The use of thrombin to promote clot formation within the pseudoaneurysm is a more recent development and although effective, 8, 13) serious complications such as arterial thrombosis and allergic reactions have been reported. [14] [15] [16] Although in some studies use of autologous thrombin or recombinant human thrombin to treat pseudoaneurysms helped to avoid risk of anaphylaxis associated with use of bovine thrombin, 17, 18) it did not reduce the risk of arterial thrombosis and may increase cost.
UGCR, which was introduced by Fellmeth and colleagues in 1991 and includes ultrasound-guided compression to block flow at the pseudoaneurismal neck, 6) has proven safe and cost-effective with a success rate of 74%, which is not as high as expected. Also, UGCR is often time-consuming, painful and even intolerable for patients despite intravenous conscious sedation. 1, 8) Why? We posited that radial dispersion of the compression pressure by the pocket of uncoagulated blood collection in the pseudoaneurysm reduces the efficacy of manual compression, and compression pressure significantly increases pseudoaneurysm tension that translates into significantly increased pain. On the basis of this hypothesis, aspiration of the hematoma would greatly reduce pseudoaneurysm tension while significantly ameliorating patient's discomfort thereby enhancing tolerance to subsequent manual compression.
The treatment approach described here is not unlike open surgical repair with hematoma evacuation and arterial defect suturing, in that it entails hematoma aspiration and feeding flow blockage at the pseudoaneurismal neck. Ultrasound-guided aspiration of the uncoagulated blood at the pseudoaneurysm center decreases pseudoaneurysm tension allowing compression pressure to be applied di-MODIFIED METHOD FOR FEMORAL ARTERY PSEUDOANEURYSM rectly to the pseudoaneurismal neck to arrest blood inflow and relieving pseudoaneurysm-related swelling and pain, with stasis of the small amount of residual blood facilitating thrombus formation within the pseudoaneurysm. The latter features might underlie the technique's apparent success, even in patients on anticoagulation therapy. Complete pseudoaneurysm thrombosis was achieved in all 18 of 32 (56%) patients on anticoagulant therapy, with low molecular weight heparin and warfarin discontinued on procedure day and resumed upon pseudoaneurysm obliteration confirmation and without need reversal of anticoagulation with vitamin K or other antagonists.
Avoidance of thrombin use and surgical repair may be the one of major features of the present treatment method. Lack of thrombin use not only avoids the risks of arterial thrombosis or allergic reactions but also thrombin cost. Avoidance of surgical repair, high success rate, pain and swelling amelioration, need for only 15 min compression, and no need for conscious sedation might improve the patient experience and reduce doctor involvement.
In addition, because the neck of the pseudoaneurysm was often relatively short and small, the manual pressure was actually exerted to the small area around the neck including artery proximal to pseudoaneurysm, neck, and the partial body mass of pseudoaneurysm near the artery. The advantage of our method is that the liquid blood of pseudoaneurysm was nearly empty after aspiration; thus, the strength could be exerted to this area easily and block the communication between the artery and the aneurysm without tension dispersion. Limitations: The present study has several limitations. Firstly, the sample size was relatively small as in several similar early studies, 6, 8, 17) and the population studied was relatively young (mean of 55.3 years) and developed mostly monolobulated pseudoaneurysms. Secondly, it is plausible that a higher body mass index may make it more difficult to access followed by compression of the hematoma even with ultrasound guidance. However, in our current cohort, there is only one patient who failed to be treated; thus, we could not draw a conclusion that the failure was related to an increase of body mass index. It was worth noting that patients coexisting with local skin infection and related distal limb arterial stenosis were not suitable for this treatment. However, it might be too early to define the unsuitable clinical scenarios.
Larger and comparative clinical trials are warranted including: (1) clinical and cost-effectiveness comparisons with other techniques such as ultrasound-guided compression repair or thrombin injection; (2) greater proportions of more challenging clinical presentations such as older patients with peripheral artery disease and calcified vessels undergoing percutaneous coronary interventions and developing larger or multilobulated pseudoaneurysms, patients on anticoagulation therapy, and those with coexisting pseudoaneurysm with AV fistula; and (3) any restrictions to the cases treated with this method, such as a very large neck or inability to identify a legible neck.
Conclusion
In 32 patients evaluated, percutaneous ultrasound-guided hematoma aspiration followed by targeted localized manual compression appears safe and effective for the treatment of femoral artery pseudoaneurysms after cardiac catheterization with a success rate of 96.9% and avoidance of thrombin use, surgical repair, and long-time compression.
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